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[57] ABSTRACT 

A communication system has a plurality of stations which 
communicate data in a data frame having a plurality of slots, 
wherein the plurality of slots are new message minislots 
NMS, expansion minislots EMS, and data slots DS. A master 
station determines a range parameter R which is based upon 
a number of slave stations transmitting reservation requests 
in a data frame. The master station also determines a 
parameter MAP according to a number of reservation 
requests in a queue waiting to be processed by the master 
station. The parameter MAP defines the new message 
minislots, the expansion minislots, and the data slots in an 
upstream data frame. The master station transmits the range 
parameter R and the parameter MAP to a plurality of slave 
stations. Each slave station independently determines a 
random transmission parameter RN. Each slave station 
transmits to the master station (i) a new reservation request 
in a new message minislot if its random transmission 
parameter RN corresponds to the parameter MAP, (ii) an old 
reservation request in an expansion minislot if assigned an 
expansion minislot in the parameter MAP, and (iii) data in 
a data slot if assigned a data slot by the master station. 

61 Claims, 7 Drawing Sheets 
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ADAPTIVE RANDOM ACCESS PROTOCOL the subscriber stations but restricts the amount of data 

AND DYNAMIC SEARCH TREE EXPANSION throughput from the subscriber stations to the headend. An 

RESOLUTION FOR MULTIPLE STATION FX) MA system, which allocates to each subscriber station its 

NETWORKS corresponding narrow frequency band, similarly 

5 restricts throughput because the number of frequency bands 

RELATED APPLI CATIONS allocated to the subscriber stations is limited. A CDMA 

system likewise limits throughput over a communication 

The present invention is related to the inventions dis- cable because the number of code words which are available 

closed in application U.S. Ser. No. 08/734,909 which was to be assigned to subscriber stations is limited. 

filed on Oct. 22, 1996, in application Ser. No. 08/734,908 In order to increase throughput of the data transmitted by 

which was filed on Oct. 22, 1996, and in application Ser. No. the subscriber stations to the headend of a CATV system, it 

08/777,217 which was filed on Dec. 27, 1996. is known to diWde the upstream data frame, which supports 

communication from the subscriber stations to the headend, 

TECHNICAL FIELD OF THE INVENTION into a number of minislots and data slots. Those subscriber 

™_ , . ^. I * ^ . 1 -1 J • ,r stations, which have data to transmit to the headend, are 

The present mvention relates to a protocol and a dynamic 15 -I. . . -..I-. 

. J r • «• required to msert a reservation request in a mmislot of the 

search tree expansion procedure for a communication sys- j.r \c . ^ . e 

u- u 1.- 1 . u • current upstream data frame (i.e., the upstream data frame at 

tem m which muluple stations share access to a common K ^. 

- u 1 discrete time n). This reservation request requests the hea- 

communication charmel. , , . , ■ . . 

dend to reserve data slots m a subsequent upstream data 

BACKGROUND OF THE INVENTION 20 (^'S" upstream data frame at discrete time n+1) for 

use by those subscriber stations. 

Communication systems typically include a plurality of Because the number of minislots in an upstream data 
stations connected to one another over a common commu- frame utilized by such current systems is limited, contention 
nication channel. For example, in a community antenna between subscriber stations for access to the is limited 
television (CATV) system, a headend is connected by a number of minislots results in frequent collisions (i.e., 
cable to a plurality of subscriber stations. The cable supports contention) between reservation requests. However, it is 
downstream communication from the headend to the sub- hoped that at least some reservation requests will be suc- 
scriber stations and upstream communication from the sub- cessfully transmitted by subscriber stations to the headend 
scriber stations to the headend. Data, which is transmitted without collision in any given upstream data frame, 
between the headend and the subscriber stations, is trans- Therefore, it is generally thought that eventuaUy aU sub- 
mitted in data frames. Accordingly, when the headend g^riber stations will be able to transmit their data to the 
communicates with a subscriber station, the headend trans- headend in data slots reserved for that purpose. Yet, because 
mits in a downstream data frame to the subscriber station, the number of minislots in such systems is limited and fixed, 
and when a subscriber station communicates with the the throughput in such a system is correspondingly hmited. 
headend, the sub«:riber station transmits in an upstream data ^ ^ -^^^^^^ throughput of the data 
frame to the headend. transmitted by the subscriber stations to the headend of a 

In such a CAI'V system, the headend and the subscriber CATV system by allowing the subscriber stations to contend 

stations must share the resources of the cable in some for the same frequency, time, or code word slots in the 

manner. For example, downstream and upstream communi- upstream data frame and to use a tree algorithm to resolve 

cations are typically allocated to different frequency ranges, any resulting collisions. Collisions result when two or more 

In a sub-split allocation, downstream communications are subscriber stations transmit data in the same slot or slots of 

allocated to a frequency range between 54 MHz and 750 an upstream data frame. When the headend detects such 

MHz and above, while the upstream communications arc collisions, the headend initiates a tree algorithm which 

allocated to a frequency range below 42 MHz. In a mid-split assigns, for a second layer of contention, a predetermined 

allocation, downstream communications are allocated to a number of expansion slots in the next upstream data frame 

frequency range of 162 MHz and above, while upstream for each contention slot in the previous upstream daU frame 

communications are allocated to a frequency range between in which there was a collision. In other words, the tree 

5 to 100 MHz. In a high-split allocation, downstream algorithm expands each contention slot in which there was 

communications are allocated to a frequency range of 234 a collision to a predetermined number of expansion slots. 

MHz and above, whUe upstream communications are alio- jn response to this expansion by the headend, each 

cated to a frequency range between 5 MHz and 174 MHz. subscriber station determines whether it transmitted in one 

Moreover, the subscriber stations must also share the of the slots in which there was a collision. Each subscriber 

resources of the cable in some manner. In a time division station, which determines that it transmitted in a contention 

muhiple access (TDMA) CATV system, the subscriber slot in which there was a collision, randomly selects in the 

stations typically share the cable by transmitting data during 55 next upstream data frame one of the expansion slots corre- 

uniquely assigned and non-overlapping time periods. In a sponding to the contention slot of the previous upstream data 

frequency division multiple access (FDMA) CATV system, frame in which it transmitted data. These subscriber stations 

the subscriber stations share the cable by dividing up the then re-transmit their data in the corresponding randomly 

available upstream frequency bandwidth into numerous nar- selected expansion slots. If the headend again detects 

row frequency channels and by allocating to each subscriber 60 collisions, the tree algorithm assigns, for a third layer of 

station its own corresponding narrow frequency band. In a contention, a predetermined number of expansion slots in 

code division multiple access (CDMA,) CATV system, the the next upstream data frame for each slot in the previous 

subscriber stations share the cable by multiplying their data upstream data frame in which there was a collision. The 

messages by corresponding assigned code words and then contending subscriber stations respond as before. In this 

transmitting the result. 65 way, contention is resolved. 

ATDMAsyslem, which assigns each subscriber station to The present invention relates to system which combines 

a unique time slot, avoids collisions of data transmitted by the attributes of a protocol which dynamically varies the 
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number of minislots in an upstream data frame, as needed, tree expansion procedure. The slot parameter determining 

with the attributes of a dynamic tree algorithm for resolving means determines a slot parameter for a future upstream data 

contention when two or more stations collide in the same message. The slot parameter indicates (i) new message slots 

slot of an upstream data frame. within which new reservation requests may be transmitted to 

5 the station, and (ii) the expansion slots. The range parameter 

SUMMARY OF THE INVENIION determining means determines a range parameter R for a 

In accordance with one aspect of the present invention, a *"f '^^T,' ""f^ ^. ^ 

. . ... determmed on the basis of loading of a commumcalion 

station comprises a receiving means, a transmission param- j- * • ^ .i_ i . . j 

T . , 7.* TT. • medium. The msertmg means inserts the slot parameter and 

eter eeneratmg means, and a transmitting means. The reoeiv- . ^ • . , r 

^ ^. J „ . „ J . r L ■ 10 the range parameter R m a downstream data message for 

ine means receives a downstream data frame having a range " . . . ,. * 

. D A ^ ^t^^ T-u^ ^f«, \A An communicalion over the commumcation medmm. 

parameter R and a parameter MAR The parameter MAP 

defines a number of new message minislots NMS, a number BRIEF DESCRIPTION OF THE DRAWINGS 
of expansion minislots EMS expanded by a dynamic search 

tree expansion procedure, and a number of data slots DS in Th&sc and other features and advantages of the present 
a next upstream data frame. The transmission parameter invention will become more apparent from a detailed con- 
generating means generates a transmission parameter N. The sideration of the invention when taken in conjunction with 
transmission parameter N is constrained by the range param- drawings m which: 

eter R. The transmitting means (i) transmits a reservation FIG. 1 is a schematic diagram of a CATV system which 

request in a new message minislot of the next upstream data includes a headend connected to a pliuality of subscriber 

frame if the transmission parameter N corresponds to the stations by way of a cable and which is exemplary of a 

new message minislot, (ii) re-transmits a reservation request communication system configured in accordance with the 

in an expansion minislot of the next upstream data frame if present invention; 

the station had transmitted a reservation request in a minislot p|G, 2 illustrates a downstream data frame in which the 

which was in a previous upstream data frame and which was headend transmits to the subscriber stations of FIG. 1; 

expanded in the next upstream data frame, and (iii) transmits 3 ^ ^ream data frame in which the 

data m a data slot, if any, reserved to the station. subscriber stations transmit to the headend of FIG. 1; 

In accordance with another aspect of the present FIG.4illustratcsanexampleof minislots in upstream data 

invention, a station for transmittmg data in slots of upstream ^^^^ p^.p^ , dynamic expansion search tree 
data messages over a communication medium comprises a 3^ expansion algorithm; 

receiving means, first and second slot selecting means, and ,.t^*..,, ^ n 

an inserting means. The receiving means receives a down- ^ '^^^'^^^ « slot format of the upstream data frame; 

stream data message. The downstream data message FIGS. 6 A and 6B illustrate a program which is executed 

includes a slot parameter. The slot parameter indicates new by the headend of FIG. 1 in an exemplary implementation of 

message slots and expansion slots within which reservation the present invention; 

requests may be transmitted. The expansion slots result from FIGS. 7-10 are graphs useful in explaining the program 

a dynamic search tree expansion procedure. The first slot of FIGS. 6A and 6B; and, 

selecting means selects one of the expansion slots. The FIGS. IIA and IIB illustrate a program which is executed 

second slot selecting means selects, on at least a pseudo- by each of the subscriber stations of FIG. 1 in the exemplary 
random basis, one of the new message slots. The inserting ^ implementation of the present invention, 
means inserts a previously transmitted reservation request in 

the selected one of the expansion slots of a designated future DETAILED DESCRIPTION 

upstream message and inserts a new reservation request in pjQ 1 illustrates a CATV system 10 which includes a 

the selected one of the new message slots of a future headend 12, a plurality of subscriber stations 14i-14„, and 
upstream message. 45 a cable 16 which interconnects the headend 12 and the 

In accordance with yet another aspect of the present subscriber stations 14i-14„. The headend 12 may be of 

invention, a method of transmitting data in slots of upstream conventional hardware design incorporating a processor 

data messages comprises the following steps: a) receiving a which may be programmed to support downstream commu- 

downstream data message, wherein the downstream data nication over the cable 16 in accordance with the present 
message includes a range parameter R and a slot parameter, 50 invention. Similarly, the subscriber stations 14^-1 4„ may be 

wherein the slot parameter indicates new message slots NS of conventional hardware design each incorporating a pro- 

a nd expansion slots ES in which reservation requests may be cessor which may be programmed to support upstream 

transmitted, and wherein the expansion slots ES result from communication over the cable 16 in accordance with the 

a dynamic search tree expansion procedure; b) selecting one present invention. 

of the expansion slots; c) selecting one of the new message 55 According to the present invention, when the subscriber 

slots according to the range parameter R; d) inserting a stations 14i-14„ have data to communicate to the headend 

previously transmitted reservation request in the selected 12 over the cable 16, those subscriber stations first make a 

one of the expansion slots; and, e) inserting a new reserva- reservation request. In making a reservation request, the 

tion request in the selected one of the new message slots. subscriber stations 14i-14„ contend writh one another for a 
In accordance with a further aspect of the present 60 limited but dynamically variable number of minislots in the 

invention, a station for transmitting and receiving data over upstream data frame because minislots carry the reservation 

a communication medium comprises a slot expanding requests from the subscriber stations 14^-14„ to the headend 

means, a slot parameter determining means, a range param- 12. With respect to those reservation requests which are 

eter determining means, and an inserting means. Tte slot successfully received by the headend 12 (i.e., received by 
expanding means expands minislots, which are in a data 65 the headend 12 in minislots in which there are no collisions), 

message received by the station and which experienced the headend 12 acknowledges the reservation request by 

collision, to expansion slots according to a dynamic search way of an acknowledgement transmitted by the headend 12 
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to the successful subscriber stations 14j-14„. Accordingly, reservation requests (i.e., reservation requests that have not 

the upstream data frame is divided into slots S some or most been previously transmitted), may be assigned an RQ#-0. 

of which are subdivided into minislots MS such that all Thus, a subscriber station, which has a previously untrans- 

contention and reservation activity takes place in the minis- mitied reservation request to transmit, may transmit the 
lots of the upstream data frame and all data transmission 5 previously untransmitted reservation request in a minislol 

takes place in un-subdivided data slots DS of the slots S. which is assigned an RQ number of 0. 

The arrangement of minislots MS and data slots DS is An RQ number other than 0 may be assigned (i) to 

specified by the headend 12 in the downstream data frame. expansion minislots thai are used by the subscriber stations 

The subscriber stations 14i-14„ use this specified arrange- 14j-14„ to re -transmit reservation requests which collided 
ment and certain other parameters in order to make a ^0 with reservation requests from other subscriber stations in a 

decision as to whether they can transmit reservation requests previous upstream data frame, and (ii) to the contention 

and data in a subsequent upstream data frame. Accordingly, minislot of the previous upstream data frame to which the 

the subscriber station 14j-14„ contend for the bandwidth of expansion minislots correspond. For example, if collisions 

the upstream channel. A successful reservation request occurred in minislots 16, 27, 33, and 45 of the previous 

results in the headend 12 reserving one or more data slots, upstream data frame n, the headend 12 indicates in the slot 

based on availability, to each of the subscriber stations parameter MAP that previous minislot 16 corresponds to an 

which had transmitted successful reservation requests. The RQ number of 4, and the headend 12 assigns an RQ number 

number of reserved data slots which are available to any one of 4 to the expansion minislots which are in the next 

subscriber station depends on the number of subscriber upstream data frame n+1 and to which previous minislot 16 

stations making successful reservation requests. is expanded. Similarly, (i) the headend 12 indicates in the 

The sizes of the upstream and downstream data frames slotparameter MAP that previous minislot 27 corresponds to 

may be equal, may be fixed, and may be defined, for an RQ number of 3, and the headend 12 assigns an RQ 

example, to have a size equal to at least the sum of the number of 3 to the expansion minislots which are in the next 

headend processing time and the round trip transmission upstream data frame n+1 and to which previous minislot 27 

delay of the cable 16. is expanded, (ii) the headend 12 indicates in the slot param- 

An exemplary downstream data frame is iUustrated in MAP that previous minislot 33 corresponds to an RQ 

FIG- 2. Each such downstream data frame has four sections. 2, and the headend 12 assigns an RQ number of 

The first section contains a range parameter R. The range I ^he expansion mimslots which are m the next upstream 

parameter R may be used by the subscriber stations 14,-14„ ^^"^^ "^^""^ P.T^T 

to contend for new message minislots when the contending expanded, and (in) the headend 12 indicates m the slot 

subscriber stations have non-previously transmitted reser- Parameter MAP that previous mmislot 45 corresponds to an 

vation requests to transmit. ^^"^^^^ 1' ^^^^ 12 assigns an RQ number 

^, 1 r *u J 4 J . F of 1 to the expansion minislots which are in the next 

Ine second section of the downstream data frame con- , j.r l-u • --i.^* 

,^ .*#ATiT-ui. . xMxnj n upstream data frame n+1 and to which previous mmislot 45 

tains a slot parameter MAP. The slot parameter MAP defines ric • . . ^ 

IS exDandecj 

which slots of the next upstream data frame are (i) new ^ 

message minislots (NMS) which are used by the subscriber Accordingly, if a subscriber station has transmitted a 

stations 14i-14„ to transmit new reservation requests (i.e., reservation request in minislot 16 of the previous upstream 

reservation requests that have not been previously data frame n, that subscriber station detects that the minislot 

transmitted), (ii) expansion minislots (EMS) which are used previous upstream data frame n is assigned an RQ 

by the subscriber stations 14^-14„ to transmit reservation number of 4, and will re-transmit the reservation request in 

requests which were previously tra'nsmitted and which col- expansion minislots which are assigned an RQ 

lided with reservation requests from other subscriber number of 4 and which are in the next upstream data frame 

stations, and (iii) daU slots (DS) which are reserved to the should be noted that the largest RQ number is 
subscriber stations 14i-14„ so that the subscriber stations .5 determined by the number of minislots experiencing colli- 

14i-14„ can transmit data. The slot parameter MAP, for ^lons. In the example above, four mmislots (i.e.. mmislots 

example, may be a map which defines the positions of each ^7, 33, and 45) experienced coUisions and, therefore, the 

new message minislot, each expansion minislot, and each largest RQ number is 4. 

data slot in the next upstream data frame. The map allows The third section of the downstream data frame is devoted 
these new message minislots, expansion minislots, and data jq to the acknowledgement of the reservation requests that are 

slots to be interspersed throughout the upstream data frame. successfully made by the subscriber stations 14i-14„ to the 

The subscriber stations 14i-14„ read the map in order to headend 12 in a previous upstream data frame. Each 

determine which slots in the upstream data frames are new acknowledgement field (ACK) may include, for example, (i) 

message minislots, which slots in the upstream data frames a station ID, which is the address of the subscriber station to 
arc expansion minislots, and which slots in the upstream 55 which an acknowledgement is given, and (ii) the data slot or 

data frames are data slots. data slots which are reserved to the subscriber station that is 

Alternatively, the slot parameter MAP may simply be identified by the station ID and in which the identified 

boundaries which divide the slots in the upstream data subscriber station may transmit data to the headend 12. 

frames between new message minislots, expansion The fourth section of the downstream data frame contains 
minislots, and data slots. In this case, the new message go ^ata slots which may be used by the headend 12 to com- 

minislots, the expansion minislots, and the data slots are municate other data to the subscriber stations 14^-1 4„. 

segregated from one another. An example of an upstream data frame is illustrated in 

In addition, minislots, which are contained in the next FIG. 3. In the upstream channel, the subscriber stations 

upstream data frame, may be assigned an RQ# (i.e., an RQ 14i-14„ use the slot parameter MAP of the previous down- 
number). Thus, the new message minislots, which are con- 65 stream data frame in order to determine the definition of the 

tained in the next upstream data frame and which are to be next upsU^eam data frame. The upstream data frame contains 

used by the subscriber stations I4y-14„ to transmit new a plurality of slots. As shown in FIG. 3, a slot may be 
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subdivided into new message minislots NMS, a slot may be FIG. 4 illustrates that the expansion coefficient E as set by 

subdivided into expansion minislots EMS, or a slot may be the headend 12 may be varied between layers of contention, 

un-subdivided (or partially divided) and used as a data slot Thus, if the amount of collisions in the second layer of 

DS. The mix of new message minislots NMS, expansion contention is reduced sufficienUy, the value of E can be 

minislots EMS. and data slots DS is defined by the headend 5 ^^^^^^^ for the second layer of contention. 
12 and vanes dependmg upon load condiUons. Accordingly, 

the number of minislots changes dynamically dependent FIG. 5 illustrates the data which is inserted into a minislot 

upon the extent of collisions and of reservation requests in or data slot by a subscriber station. This data includes a 

a reservation request queue DQ at the headend 12. A slot source address, a control field, a payload, and error checking 

may be subdivided into a fixed number m of new message ^j^ta. The source address is the address of the sending 

minislots NMS and/or expansion minislots EMS. subscriber station. The control field indicates the type of 

When two or more reservation requests from correspond- message (for example, reservation request or data) transmit- 

ing subscriber staUons coUide in a new message minislot or subscriber station. The payload field contains 

in an expansion minislot of an upstream data frame that new ^-^^^^ ^^^^^ ^^^^ ^^^^ ^^^^ subscriber stations is 

message inmislol or expansion mmislot ^ expanded mto a ,5 ^e reserved in the case of a reservation request 

numl^r of expansion mmislots m a subsequent upstream ^ ^^^^ transmitted by the subscriber 

data frame. FIG. 4 illustrates a dynamic search tree expan- . • .u r j . ^ u 

. . . J * J .u station m the case of a data message. The CRC field contains 

sion procedure that is used to expand the new message u u- - f 

minislots and/or the expansion minislots in which collisions ^"^^ checking mformation. 

occurred. With no collisions in a previous upstream data 20 In determining (i) the number of new message minislots 

frame, all minislots in the next upstream data frame are new jsiMS for the next upstream data frame, (ii) the number of 

message minislots, and the subscriber stations 14^-14^ are expansion minislots EMS for the next upstream data frame. 

aUowed to contend for any of these new message minislots. (jy) t^e expansion coefficient E, and (iv) the range parameter 

When collisions then occur, the system enters a first layer of r ^1,^^^ is used by the subscriber stations 14,-14„ to 

contenuon. Thus, the first layer of contention occurs when ^5 determine if they can transmit reservation requests in new 

there are colhsions in new message minislots. The upstream message minislots, the headend 12 executes a program 100 

data frame Fl in FIG. 4 shows a first layer of contemion. The ^^,^^1^ ^ iHugtrated in FIGS. 6A and 6B. 
new message minislots in which no collisions occurred are 

labelled NC, and the new message minislots in which The program 100 is entered each time that an upstream 

collisions occurred are labelled C followed by a lower case 3Q data frame is received by the headend 12. When the program 

letter to distinguish between such new message minislots. 100 is entered, a block 102 receives an upstream data frame. 

Accordingly, the headend 12 expands each of the new and a block 104 stores any reservation requests in this data 

message minislots in which coUisions occur during the first ^^^^ i° ^ reservation request queue DQ at the current time 

layer of contention by an expansion coefficient E (which °- The block 104 also stores the number of empty new 

may be six, for example). This value for the expansion 35 message minislots, the number of empty expansion 

coefficient E is dependent upon the amount of collision in minislots. the number of collision new message minislots 

the new message minislots of the upstream data frame Fl. (i-e-, new message minislots in which reservation requests 

Thus, the headend 12 expands each of the new message collided), the number of collision expansion minislots (i.e.. 

minislots in which collisions occurred to six corresponding expansion minislots in which reservation requests collided), 

expansion minislots for a second layer of contention. The 40 number of successful new message minislots (i.e., new 

second layer of contention occurs when there are collisions message minislots containing single reservation requests), 

in expansion minislots. For example, the new message and/or the number of successful expansion minislots (i.e., 

minislot Ca is expanded to six expansion minislots with the expansion minislots containing single reservation requests), 

result that, in the second layer of contention, all of these six Thereafter, a block 106 determines whether the CATV 

expansion minislots contain no coUisions. Similarly, the 45 system 10 is in steady state. When the CATV system 10 is 

minislot Cb is expanded to six expansion minislots with the ^^^^^y ^tate, the number of reservation requests DQ(n) 

result that, in the second layer of contention, one of these six stored in the reservation request queue DQ at the current 

expansion minislots (Cbl) contains collisions, and the other discrete lime n is greater than the number of data slots DS(n) 

five of these six expansion minislots contain no collisions. the data frame just received by the block 102, but is less 

It is noted that, because of a limited number of minislots 50 than this number of data slots DS(n) multiplied by a constant 

in an upstream data frame, there may be occasions in which a. The constant a may be 1.6, for example. The upstream 

not all of the minislots of the first layer of contention may data frame just received is designated herein as upstream 

be expanded into the same next upstream data frame, data frame n and is received at discrete time n. If the system 

Accordingly, for example, the minislot Cf from the upstream is in steady state, a block 108 determines the number of 

data frame Fl is expanded to six expansion minislots for the 55 minislots MS to be allocated to the next upstream data frame 

second layer of contention in an upstream data frame F3 n+1 according to the following equation: 
instead of in the upstream data frame F2. One of these six 

expansion minislots (Cfl) contains collisions, and the other 5 (i) 

five of these six expansion minislots contain no collisions. + 1) = m = - - 

It is also noted that an upstream data frame may contain 60 e^m 
expansion minislots of different layers of contention. For 
example, the minislot Cg from the upstream data frame Fl 

representing a first layer of contention is expanded to six wherein S is the total niimber of slots in a data frame, m is 

expansion minislots in the upstream data frame F3, whereas the number of minislots into which a slot may be subdivided, 

the minislot Cbl from the upstream data frame F2 repre- 65 c is 2.718281828 . . . , MS(n+l) is the number of minislots 

senting a second layer of contention is expanded to three for the next upstream data frame, k is the average number of 

expansion minislots also in the upstream data frame F3. data slots reserved by reservation requests, and M is the 
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Steady stale number of minislots. Because a whole slot is. contain conteading reservation requests. These new message 
used as a data slot, the number of data slots in the next minislots contain reservation requests from more than one 
upstream data frame n+1 is, accordingly, given by the subscriber station. The block 118 sets a parameter COL,v 
following equation: equal to the number of these new message minislots. The 

5 block 118 also analyzes the received upstream data frame to 
MS(n + i) determine which non-empty expansion minislots therein 

D5(n + l) = 5 — . contain contending reservation requests. These expansion 

minislots contain reservation requests from more than one 
subscriber station. The block 118 sets a parameter COL^ 
If the block 106 determines that the CATV system 10 is equal to the number of these expansion tninislots. ITie block 
not in steady state, a block 110 determines whether the nS may, if desired, determine a parameter COL^ for each 
number of reservation requests DQ(n) in the reservation layer of contention subsequent to the first layer of contention 
request queue DQ of the headend 12 at discrete tune n is less ^ ^1^3^ ^ gj^eler COL^, pertains to the second layer of 
than the number of data slots DS(n) in the upstream data eonteniion, a parameter COL^ pertains to the third layer of 

framejustreceived. If so, a block 112 determmes the number « \i ^ 

r • • 1 * x>fc- * u 11 . J * .u ♦ * J * ic contention, and so on. 
of mimslots MS to be allocated to the next upstream data is * ui 1 i-ia u u .i_ . 1 i . .u c 

- ^ , r- „ - • A block 120 chooses whether to calculate the number of 

frame n+1 according lo Ihe rollo^^ang equaUon: ^^^^ ^.^^^^^ ^^^^ parameter SUC. If so. a 

block 122 determines the number of active stations N from 
MS{n+i)~m{S-DQ(n)) (2) the following equation: 



wherein DQ(n) is the number of reservation requests DQ(n) 20 

in the reservation request queue DQ of the headend 12 at _ Af5 ^ f MS-i V^ W 

time n. llie number of data slots DS(n+l) in the next ~ MS-l[ MS } 

upstream data frame n+1, accordingly, is set to DQ(n). 

If the block 106 determines that the CATV system 10 is l • xt • *i. u c . l • »xc- • 

. . J r .1. i_i 1 J . ■ *u * *u wherein N IS the number of active stations, wherem MS is 

not in steady state, and if the block 110 determines that the 2s . * 1 1. r • • 1 . • . j . r - * 

, r . , rx^/ \ • a total number of mimslots in the upstream data frame just 

number of reservation requests DQ(n) m the reservation . , j l • c^it/^ ■ l r ^ 

w^rx r*i. 1. J . • * received, and wherem SUC is the number of non-empty 

request queue DQ of the headend 12 at discrete tune n IS not • 1 / • u - u n • j j . j . j l 

. ^ f J . 1 . T^e/\- .u * J* mmislots in which collisions did not occur as detennined by 

less than the number of data slots DS(n) in the upstream data ui 1 nic t^, ui 1 -1 ♦ u c 

c . , • J i_i 1 11 .t J . • .u i_ c the block 116. The block 120 may determine a number of 

frame just received, a block 114 determmes the number of , ^ ^ .1 r * *■ *u * 

• • I . t*e* u 11 * J* *u 4 » J * * active stations N for each layer of contention so that a 

mimslots MS to be allocated to the next upstream data frame 30 , r . *• xt ■ 1 . • ir 

J- . f 11 • number or active stations N^r IS determined from the param- 

n+1 according to the foUowmg equation: ^ ^ 



from the parameter SUC^^^, a number of active stations N^^ 



MSin + 1) = Af aDS[n) (3) ^ determine from the parameter SUC^^, and so on. 



35 



Alternatively, the number of active stations N may be 
determined by the block 122 from a lookup table which is 

where DS(n) is the number of reserved data slots in the stored in memory at the headend 12 according to the graph 

upstream data frame just received. The number of data slots shown in FIG. 7. This graph corresponds to equation (4). 

DS(n+l) in the next upstream data frame n+1 is, The vertical axis of this graph is the input axis. The 

accordingly, given by the following equation: parameter SUC as determined by the block 104 is input 

along the vertical axis. The horizontal axis is the output axis 

l^S(n + 1) along which the number of active stations N is determined 

DS(n + i)=s - . ^ function of the input vertical axis. When using the graph 

of FIG. 7, an ambiguity arises because there are two output 
values along the horizontal axis for each input along the 

As is described below, the minislots MS(n+l) wiU be 45 ^g^ical axis. This ambiguity may be resolved by the use of 

divided between new message mmislots and/or expansion t^e collision curve shown in HG. 8. This curve of FIG. 8 is 

minislots. explained in more detail below. 

Ablock 116 analyzes the upstream data frame received by Qj, the other hand, if the block 120 chooses not to 

the block 102 m order to determme which non-empty new calculate the number of active stations based upon the 

message mimslots therein contain non-contending reserva- 50 parameter SUC, a block 124 determines the number of 

tion requests, ^se new message mmislots contain reser- ^^^^^^ stations N from the foUowing equation; 
vation requests from only one subscriber station. The block 

116 sets a parameter SUCN equal to the number of these ^ MS \ MS- \ ^' 

minislots. The block 116 also analyzes the upstream data coL = MS-MS [ j -Msl ] 

frame received by the block 102 in order to determine which 55 MS-iy N J \ MS ) 
non-empty expansion minislots therein contain non- 
contending reservation requests. These expansion minislots wherein N is the number of active stations, wherein MS is 
contain reservation requests from only one subscriber sta- a total number of minislots in the upstream data frame just 
lion. The block 116 sets a parameter SUC^ equal to the received, and wherein COL is the number of minislots, 
number of these minislots. The block 116 may, if desired, 60 which are in an upstream data frame just received and in 
determine a parameter SUC, for each layer of contention which collisions occurred, as determined by the block 118. 
subsequent to the first layer of contention so that a parameter The block 124 may determine a number of active stations N 
SUC^j pertains to the second layer of contention, a param- for each layer of contention so that a number of active 
eter SfJC^^ pertains to the third layer of contention, and so stations is determined from the parameter COL^, a 
on. 65 number of active stations is determined from the 
Ablock 118 analyzes the received upstream data frame to parameter COLe-i, a number of active stations N^^ is deter- 
determine which non-empty new message minislots therein mine from the parameter COLe^, and so on. 



(5) 
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Alternatively, the number of active stations N may be 
determined from a lookup table which is stored in memory 
at the headend 12 according to the graph shown in FIG. 8. 
This graph corresponds to equation (5). The vertical axis of 
this graph is the input axis. The parameter COL as deter- 5 
mined by the block 118 is input along the vertical axis. The 
horizontal axis is the output axis along which the number of 
active stations N is determined as a fiinction of the vertical 
axis. 

The block 120 may make its decision based upon a user 10 
set flag or upon other criteria. 

It should be apparent that the CATV system 10 can be 
arranged to determine the number of active stations N 
exclusively from equation (4). If so, the block 122 must use 
the collision parameter COL and the block 124 in order to 15 
resolve the ambiguity described above. Alternatively, the 
CATV system 10 can be arranged to determine the n;imber 
of active stations N exclusively from equation (5), in which 
case there is no ambiguity to resolve. If so, the blocks 116, 
120, and 122 may be eliminated. As a further alternative, the 20 
number of active stations N can be determined from a 
combination of the parameter SUC and the parameter COL. 

A block 126 uses the number of active stations N in order 
to determine the expansion parameter E according to a 
lookup table which is stored in memory at the headend 12 25 
and which conforms to the graph shown in FIG. 9. llie 
horizontal axis of this graph is the input axis. The number of 
active stations N, as determined by one of the methods 
described above, is input along the horizontal axis. The 
vertical axis is the output axis along which the expansion 30 
parameter E is determined as a function of the horizontal 
axis. Accordingly, an expansion coefficient Ej^r is determined 
based upon the number of active stations N^^^ for the first 
layer of contention, an expansion coefficient E^^^ is deter- 
mined based upon the number of active stations for the 35 
second layer of contention, an expansion coefficient £^ is 
determined based upon the number of active stations 2 for 
the third layer of contention, and so on. 

Alternatively, the block 126 may determine the expansion 
parameter E according to a lookup table which is stored in 40 
memory at the headend 12 and which conforms to the graph 
shown in FIG. 10. The horizontal axis of this graph Ls the 
input axis. The parameter COL as determined by the block 
118 is input along the horizontal axis. The vertical axis is the 
output axis along which the expansion parameter E is 45 
determined as a function of the horizontal axis. 

It should be recognized that the blocks 116-126 determine 
the expansion coefficient E for each corresponding layer of 
contention as a dynamically variable expansion coefficient 
such as that described in connection with FIG. 4. 50 

A block 128 determines the number of expansion minis- 
lots in the next upstream data frame n+1 as the parameter 
EMS(n+l), and the number of new message minislols in the 
next upstream data frame n+l as the parameter NMS(n+l). 
The block 128 determines an initial parameter EMSXn+1) 55 
by expanding the new message minislots and expansion 
minislots in the upstream data frame n in which collisions 
occurred according to the corresponding expansion coeffi- 
cients E. That is, the block 128 expands the new message 
minislots in the upstream data frame n in which collisions 60 
occurred (if any) by the expansion coefficient E^^, the block 
128 expands the first layer expansion minislots in the 
upstream data frame a in which collisions occurred (if any) 
by the expansion coefficient E^^, the block 128 expands the 
second layer expansion minislots in the upstream data frame 65 
n in which collisions occurred (if any) by the expansion 
coefficient Ej^, and so on. All of these expaiided minislots 



12 

are added to produce the initial parameter EMS/n+l). The 
block 128 then subtracts the initial parameter EMS^Q+l) 
firom the number of minislots MS to bt allocated to the next 
upstream data frame n+l as determined by the blocks 
106-114. If the result is less than NMS^ (which may be set 
to zero, four, or any other number), the block 128 sets 
EMS(n+l) equal to MS-NMS^, and sets NMS(n+l) equal 
to NMS„^, where MS is determined by the blocks 106-114. 
If the result is not less than NMS„£„, the block 128 sets 
EMS(n+l) equal to EMS,(n+l), and sets NMS(n+l) equal to 
MS-EMS/n+l). In this way, an upstream data frame con- 
tains no less than NMS„,>, new message minislots. 

A block 130 determines the range parameter R from the 
parameter COL according the following equation: 

R{n +1)- mM{min{iV, R{n) - NMSin) + 

COUn) + 1, NMSin + 1)}, 

e-2 e ^ J 

where n indicates the current frame, n+l indicates the next 
upstream data frame, R(n+1) is the range parameter for the 
next upstream data frame n+l, R(n) is the range parameter 
for the upstream data frame n just received, N represents the 
number of active stations N^r as determined by some com- 
bination of the blocks 116-124, NMS(n+l) is the number of 
new message minislots in the next upstream data frame n+l 
as determined by the block 128, NMS(n) is the number of 
new message minislots in the upstream data frame n just 
received, COL(n) is the parameter COL as determined by the 
block 118 based upon the upstream data frame n just 
received, and e is 2.718281828 .... 

A block 132 determines the slot parameter MAP. If the 
slot parameter MAP is a map of the new message minislots, 
expansion minislots, and data slots, the block 132 constructs 
the map based upon NMS(n+l) and EMS(n+l) as deter- 
mined by the block 128 and upon DS as described above in 
connection with the blocks 106-114, according to any 
desired rule. Alternatively, the block 132 determines the slot 
parameter MAP by allotting a first portion of the upstream 
data frame n+l to the NMS(n+l) new message minislots, by 
allotting a next portion of the upstream data frame n+l to the 
EMS(n+l) expansion minislots, and by allotting a remaining 
portion of the upstream data frame n+l to the DS data slots. 
The block 132 also assigns RQ numbers and minislot 
designations as discussed above. The block 132 inserts the 
slot parameter MAP, and inserts the range parameter R(n+1) 
as the parameter R, into the next downstream data frame to 
be transmitted. 

A block 134 inserts any additional information into the 
next downstream data frame and transmits the next down- 
stream data frame over the cable 16. Thereafter, the program 
100 remms to the block 102 to await the next upstream data 
frame. 

Each of the subscriber stations 14^-14„ executes a pro- 
gram 200 as shown in FIG. IIA. When the program 200 is 
entered, a block 202 causes its corresponding subscriber 
station to wait for the next downstream data frame which 
contains, inter alia, the range parameter R, the slot parameter 
MAP, and acknowledgements (which include reserved data 
slot allocations to the subscriber station). When the next 
downstream data frame Ls received, a block 204 determines 
from the slot parameter MAP whether its corresponding 
subscriber station, and one or more other subscriber stations, 
transmitted reservation requests in the same minislot of the 
previous upstream data frame, i.e., whether the reservation 
request transmitted by its corresponding subscriber station 
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collided with a reservation request transmitted by one or 
more other subscriber stations. The block 204 can make this 
determination, for example, by comparing the minislot in 
which its corresponding subscriber station transmitted data 
in the previous upstream data frame to the minislots that arc 
expanded in the slot parameter MAP (e.g., by determining 
whether the minislot, which was in the previous upstream 
data &ame and in which its subscriber station transmitted a 
reservation request, has been assigned, in the downstream 
data frame just received, an RQ number other than 0). 

If the block 204 determines that its corresponding sub- 
scriber station, and one or more other subscriber stations, 
transmitted reservation requests in the same minislot of the 
previous upstream data frame, a block 206 determines, from 
the slot parameter MAP, whether its corresponding sub- 
scriber station is allowed to re -transmit its previously con- 
tending data in the next upstream data frame. For example, 
the block 206 may make this determination by comparing 
the RQ number, which is assigned to the minislot of the 
previous upstream data frame in which its subscriber station 
transmitted its previously contending reservation request, to 
the RQ numbers assigned to the minislots of the next 
upstream data frame. If the block 206 does not find a match, 
the block 206 determines that it is not allowed to re-transmit 
its previously contending reservation request. On the other 
hand, if the block 206 finds a match, the block 206 deter- 
mines that it is allowed to re-transmit its previously con- 
tending reservation request. 

Accordingly, if the block 206 determines that it is allowed 
to re-transmit its previously contending reservation request, 
a block 208 generates a random number N within the range 
of the expansion minislots assigned to its corresponding 
subscriber station. That is, the random number N is gener- 
ated so that it equals one of the expansion minislots corre- 
sponding to the minislot in which the corresponding sub- 
scriber station transmitted contending data in the previous 
upstream data frame (i.e., so that the random niunber N 
equals one of the expansion minislots having the same RQ 
number as the RQ number assigned to the minislot in the 
previous upstream data frame in which the subscriber 
station, corresponding to the block 206, transmitted its 
contending reservation request). A block 210 then inserts the 
previously contending reservation request in the expansion 
minislot N of the next upstream data frame for transmission. 
A block 212 resets a COL flag. 

It should be noted that, if the block 206 determines that 
the RQ number, which was assigned to the minislot of the 
previous upstream data frame in which its subscriber station 
transmitted its previously contending reservation request, is 
greater than the largest RQ number assigned to the minislots 
of the next upstream data frame, the block 208 generates a 
random number N so that the random number N equals one 
of the expansion minislots which is in the next upstream data 
frame and which has the largest RQ number assigned to it. 
The block 210 then inserts the previously contending res- 
ervation request in that expansion minislot N. 

On the other hand, the block 206 may determine that its 
corresponding' subscriber station is not permitted to 
re-transmit its previously contending reservation request in 
the next upstream data frame (i.e., that its corresponding 
subscriber station has been assigned a later upstream data 
frame in which it is allowed to re-transmit its previously 
contending reservation request). For example, if the RQ 
number assigned to the minislot, which was in the previous 
upstream data frame and in which the subscriber station, 
corresponding to the block 206, transmitted its previously 
contending reservation request, is smaller than the smallest 
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RQ number assigned to the minislots of the next upstream 
data frame, then this subscriber station is not permitted to 
re-transmit its reservation request in this next upstream data 
frame. In this case, a block 214 sets the COL flag. 

5 If the block 204 determines that its corresponding sub- 
scriber station, and one or more other subscriber stations, did 
not transmit reservation requests in the same minislot of the 
previous upstream data frame, a block 216 determines 
whether the COL flag is set. As indicated by the block 214, 

10 the COL flag is set when the subscriber station has unsuc- 
cessfully transmitted a reservation request but it is not 
permitted to re -transmit this reservation request in the next 
upstream data frame. Accordingly, during a subsequent pass 
through the program 200, the block 216 allows the block 206 

15 to determine if the subscriber station can now re-transmit its 
previously contending reservation request. If the COL flag is 
set, program flow passes to the block 206. 

If the COL flag is not Bet as determined by the block 216, 
or after the block 214 sets the COL flag, or after the block 

20 212 resets the COL flag, a block 218 (FIG. IIB) determines 
whether the corresponding subscriber station (i) has data to 
transmit and (ii) has not previously transmitted a reservation 
request for this data. If the corresponding subscriber station 
(i) has data to transmit and (ii) has not previously transmitted 

25 a reservation request for this data, a block 220 generates a 
transmission parameter RN within the range established by 
the range parameter R that is contained in the downstream 
data frame just received from the headend 12. The range 
established by the range parameter R may be the range 

30 between zero and R inclusive, the range between one and R 
inclusive, or the like. This range contains all of the new 
message minislots which are assigned an RQ number of 0. 
The transmission parameter RN is used to determine 
whether its corresponding subscriber station is permitted to 

35 transmit a new reservation request to the headend 12. The 
transmission parameter RN may be generated by the block 
220 as a random number. Thus, because each subscriber 
station 14i-14„ generates its own transmission parameter 
RN as a random value within the range established by the 

40 range parameter R, the transmission probabilities of the 
subscriber stations 14j-14„ are statistically spread along the 
interval of the range defined by the range parameter R. 

A block 222 determines whether the value of N just 
generated by the block 220 corresponds to one of the new 

45 message minislots as defined by the slot parameter MAP 
contained in the downstream data frame just received from 
the headend 12. That is, if the slot parameter MAP is a map, 
the block 222 determines whether the value of N is equal to 
one of the new message minislots defined in the map. On the 

50 other hand, if the slot parameter MAP contains boundaries 
between the new message minislots, expansion minislots, 
and data slots, the block 222 determines whether the value 
of N falls within the new message minislot boundary. If the 
value of N corresponds to the new message portion of the 

55 slot parameter MAP, a block 224 inserts a transmission 
reservation request in the new message minislot which is 
equal to the value of N and which is in the upstream data 
frame being assembled for transmission back to the headend 
12. 

60 If the block 222 determines that the value of N does not 
correspond to the new message portion of the slot parameter 
MAP, or if the block 218 determines that the subscriber 
station has no new data for which a reservation request is 
required, or after the block 224 has inserted a reservation 

65 request in the new message minislot having a value equal to 
N, a block 226 determines whether the downstream data 
frame just received has a reserved data slot in the next 
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Upstream data frame within which the subscnber station may 
transmit old data. Old data is data for which a previous 
reservation request had been successfully made by the 
appropriate subscriber station and the headend 12 has 
reserved one or more data slots for the data. If so, a block 
228 inserts this old data into the data slot reserved by the 
headend 12 for this subscriber station. 

If the block 226 determines that a data slot had not been 
reserved for the subscriber station in the next upstream data 
frame, or after the block 228 inserts old data into a data slot 
reserved in response to a previous reservation request, a 
block 230 transmits its portion of the next upstream data 
frame oven the cable 16. Thereafter, the program 200 returns 
to the block 202 to await the next downstream data frame. 

Accordingly, the present invention combines the adaptive 
allocation of channel resources dependent upon the amount 
of demand created by the subscriber stations for the 
upstream channel with a dynamic search tree expansion 
procedure for resolving contention between transmitting 
stations. As the number of subscriber stations having data to 
transmit to the headend 12 increases, the chance that colli- 
sions will occur in the upstream data frames also increases. 
As the number of collisions in the upstream data frames 
increases, the value of the range parameter R is increased 
which tends to decrease the probability that a subscriber 
station will be able insert a reservation request in a new 
message minislot of subsequent upstream data frames. 
Moreover, as the number of subscriber stations having data 
to transmit to the headend 12 increases, the number of 
reservation requests in the reservation request queue DQ of 
the headend 12 also increases. As the number of reservation 
requests in the reservation request queue DQ increases, the 
number of minislots that are allocated to subsequent 
upstream data frames decreases. 

Similarly, as the number of subscriber stations having data 
to transmit to the headend 12 decreases, the chance that 
collisions will occur in the upstream data frames also 
decreases. As the number of collisions in the upstream data 
frames decreases, the value of the range parameter R is 
decreased which tends to increase the probability that a 
subscriber station will be able insert a reservation request in 
a new message minislot of subsequent upstream data frames. 
Moreover, as the number of subscriber stations having data 
to transmit to the headend 12 decreases, the number of 
reservation requests in the reservation request queue DQ of 
the headend 12 also decreases. As the number of reservation 
requests in the reservation request queue DQ decreases, the 
number of minislots that are allocated to subsequent 
upstream data frames increases. 

Thus, as the number of reservation requests increases, the 
headend 12 decreases the number of minislots allocated to 
subscriber stations in order to reduce the number of suc- 
cessful reservation requests being transmitted by the sub- 
scriber stations in the upstream data frames. Also, as the 
number of collisions in minislots of upstream data frames 
increases, the value of the range parameter R is increased 
which has the effect of reducing the number of subscriber 
stations permitted to transmit reservation requests in the new 
message minislots which are allocated to subsequent 
upstream data frames. Accordingly, the slot parameter MAP 
and the range parameter R work together to adaptively 60 
regulate data traflSc in the CATV system 10. 

At the same time, contention occurring in new message 
minislots and expansion minislots is resolved using a 
dynamic tree search procedure. Thus, contention reduction 
is enhanced and the number of iterations required to reduce 
contention is lessened, which reduces delay in the transmis- 
sion of data. 
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The use of RQ numbers has several advantages. For 
example, an RQ number of 0 can be assigned to a select 
group of subscriber stations by use of a selective group 
address or specific individual addresses. In this way, the 
probability that certain select subscriber stations can trans- 
mit reservation requests may be controlled. Accordingly, a 
hmited number subscriber stations may be assigned an RQ 
number of 0 to thereby increase the probability that they will 
successfully transmit reservation requests. 

Alternatively, a specific type of subscriber stations may be 
assigned an RQ number of 0 by use of a selective group 
address or specific individual addresses in order to thereby 
allow only that type of subscriber station to successfully 
transmit reservation requests. Thus, meters could be read 
during off peak hours when trafiBc from other types of 
subscriber stations is usually low. 

Certain modifications of the present invention have been 
discussed above. Other modifications will occur to those 
practicing in the art of the present invention. For example, 
as described above, each subscriber station determines its 
transmission parameter RN as a random number which is 
only constrained to fall within the range established by the 
range parameter R. Instead, the transmission parameter RN 
may be determined by each subscriber station on a pseudo- 
random basis or on any other basis which tends to spread the 
transmission parameters RN of the subscriber stations 
throughout the range R. Therefore, the random generation of 
the transmission parameter RN should be understood to 
include not only random generation of the transmission 
parameter RN but also pseudorandom generation of the 
transmission parameter RN and generation of the transmis- 
sion parameter RN by similar methods. 

Also, the sizes of the upstream and downstream data 
frames are described above as being fixed. However, the 
sizes of the upstream and downstream data frames may be 
dynamically variable so that the size of these data frames, 
for example, may be dependent upon traffic load. 

In addition, a specific procedure for determining the range 
parameter R is described above. Instead, the range parameter 
R may be determined in other ways. For example, the range 
parameter R may be determined as a function of the suc- 
cessful parameter SUC or as a function of both the coUision 
parameter COL and the successful parameter SUC. 

Moreover, as described above, the contention range 
parameter R is used by the subscriber stations in generating 
the transmission parameter RN when the subscriber stations 
have data to transmit, regardless of the priority of that data. 
Alternatively, a contention range parameter R^ may be used 
by the subscriber stations in generating one transmission 
parameter RN^ when the subscriber stations have low pri- 
ority data to transmit, and a different contention range 
parameter R^ may be used by the subscriber stations in 
generating another transmission parameter RN^, when the 
subscriber stations have high priority data to transmit. The 
transmission parameter RN^^ corresponding to the conten- 
tion range parameter R^ then determines if the subscriber 
stations can transmit low priority data, and the transmission 
parameter RN,, corresponding to the contention range 
parameter R„ then determines if the subscriber stations can 
transmit high priority data. Accordingly, the subscriber 
stations can be given a greater chance of successfully 
transmitting a reservation request when they have high 
priority data to transmit. 

Also as described above, the cable 16 interconnects the 
headend 12 and the subscriber stations 14j-14„. However, 
the headend 12 and the subscriber stations 14^-1 4„ may be 
interconnected by any communication medium such as a 
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twisted pair, a fiber optic cable, over the air, by way of 
satellite, and/or the like. 

As described above, the number of active stations N can 
be determined from the parameters SUC and/or COL, 
However, the number of active stations N can be determined 
instead from the number of empty of slots (i.e., a parameter 
EMP) in a previous upstream data frame, or by a combina- 
tion of the parameters EMP, SUC, and/or COL. 

Moreover, as described above, the expansion coeflBcient E 
may be re-determined for each layer of contention. Instead, 
the expansion coeflBcient E may be determined according to 
a first level of contention, and may thereafter be reduced by 
fixed amounts for subsequent layers of contention. 

Furthermore, the present invention has been described 
above in the context of a CATV system. It should be 
understood, however, that the present invention is useful in 
a wide variety of communication systems. 

Also, as described above, if an upstream data frame is to 
contain minislots, the minimum number of new message 
minislots that upstream data frame can have is NMS^^. In 
order to accommodate this minimum number of new mes- 
sage minislots, it may be desirable to adjust the size of the 
upstream data firame. It may also be necessary to adjust the 
size of the upstream data frame if there are not enough 
expansion minislots in a predetermined number of upstream 
data frames to efficiently resolve contention. 

Moreover, the minimum number of new message minis- 
lots NMS„,-„ need not be fixed. Instead, the number of 
expansion minislots is first determined and is then subtracted 
from the total number of minislots MS. If the result of this 
subtraction is that there is one minislot that can be assigned 
as a new message minislot, then a slot is subdivided by m to 
produce m+1 new message minislots. Similarly, if the result 
of this subtraction is that there are two minislots that can be 
assigned as new message minislots, then a slot is subdivided 
by m to produce m+2 new message minislots, if the result of 
this subtraction is that there are three minislots that can be 
assigned as new message minislots, then a slot is subdivided 
by m to produce m +3 new message minislots, and so on. A 
cap may be put on this procedure so that if the result of this 
subtraction is that there are four minislots that can be 
assigned as new message minislots, then only four minislots 
are assigned as new message minislots. 

Furthermore, as described above, contention activities 
take place in new message minislots (NMS) and in expan- 
sion minislots (EMS). However, contention activities may 
alternatively take place in normal slots such as new message 
slots (NS) and in expansion slots (ES). 

Also, as described above, contention activities take place 
in new message minislots (NMS) and in expansion minislots 
(EMS). However, contention activities may alter natively 
take place in normal slots such as new message slots (NS) 
and in expansion slots (ES). In this case, equation (1) may 
be rewritten according to the following equation: 



C5(n + l)=Af = - 



- + 1 



wherein CS(n+l) is the total number of contention slots in 
a data frame, CS-NS+MS, n+1 designates the next upstream 
data frame, e is 2.718281828 . . . , k is the average number 
of data slots reserved by reservation requests, and M is the 
steady state number of contention slots; equation (2) may be 
rewritten according to the following equation: 

CS{n*iymS-DQ{n) 
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wherein DQ(n) is the number of reservation requests DQ(n) 
in the reser^'ation request queue DQ of the headend 12 at 
time n; equation (3) may be rewritten according to the 
following equation: 



cy(n + i) = M 



DQin) - aDSin) 



where DS(n) is the number of reserved data slots in the 
upstream data frame just received; equation (4) may be 
rewritten according to the following equation: 



SUC=NS 



NS-\[ NS J 



15 



wherein N is the number of new active stations, wherein NS 
is a total number of new message slots in the upstream data 
frame just received, and wherein SUC is the number of 
non-empty new message slots in an upstream data frame in 
which collisions did not occur; and equation (5) may be 
rewritten according to the following equation: 



COL=NS-NS- 



25 



wherein N is the number of new active stations, wherein NS 
is a total number of new message slots in the upstream data 
frame just received, and wherein COL is the number of new 
message slots which are in an upstream data frame just 
received and in which collisions occurred. Accordingly, slots 
as referred to herein includes full slots, partial slots, 
minislots, or the like unless otherwise specified. 

Accordingly, the description of the present invention is to 
be construed as illustrative only and is for the purpose of 
teaching those skilled in the art the best mode of carrying out 
the invention. The details may be varied substantially with- 
out departing from the spirit of the invention, and the 
exclusive use of all modifications which are within the scope 
of the appended claims is reserved. 

What is claimed is: 

1. A station comprising: 

a receiver arranged to receive a downstream data frame 
having a range parameter R and a parameter MAP, 
wherein the parameter MAP defines a number of new 
message minislots NMS, a number of expansion minis- 
lots EMS expanded by a dynamic search tree expansion 
procediu'e, and a number of data slots DS in a next 
upstream data frame; 

a transmission parameter generator arranged to generate a 
transmission parameter RN, wherein the transmission 
parameter RN is constrained by the range parameter R; 
and, 

a transmitter arranged to transmit a new reservation 
request in a new message minislot of the next upstream 
data frame if the transmission parameter RN bears a 
predetermined relationship to the new message 
minislot, to re-transmit a reservation request in an 
expansion minislot of the next upstream data frame if 
the station bad transmitted a reservation request io a 
minislot which was in a previous upstream data frame 
and which was expanded in the next upstream data 
frame, and to transmit data in a data slot, if any, 
reserved to the station. 

2. The station of claim 1 wherein the next upstream data 
frame has S slots, wherein a slot is divided into m minislots, 
and wherein S«(NMS+EMS)/m+DS. 
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3. The station of claim 1 wherein the transmitter transmits U. The station of claim 1 wherein EMS is based upon a 
the new reservation request only if the transmission param- number of minislots in an upstream data message in which 
eter RN bears the predetermined relationship to the new collisions occurred. 

message minislot. 12. The station of claim 1 wherein EMS is based upon a 

4. The station of claim 1 wherein the transmission param- 5 number of minislots in an upstream data message which 
eter RN is a random number. include data but in which collisions did not occur. 

5. The station of claim 1 wherein EMS is based upon a 13. The station of claim 1 wherein the transmitter com- 
number of active stations. prises: 

6. The station of claim 5 wherein the number of active a random minislot selector arranged to randomly select 
stations is determined by the following equation: 10 one of the expansion minislots; and, 

an inserter arranged to insert the reservation request in the 
j£/c=(Af5/,/— randomly selected expansion minislot. 

\ M5l - 1 Jl mSl } 14. The station of claim 13 wherein EMS is based upon 

a number of minislots in the previous upstream data message 

wherein N is the number of active stauons, wherein MS^ is ^ ,.x.c • u ^ 

a total number of minislots in a contention layer of the ^5. Tlie station of claim 13 wherem EMS is based upon 

previous upstream data frame, and wherein SUC is a number ^ of minislots m the previous upstream data message 

of minislots in the contention layer of the previous upstream which include data but m which collisions did not occur. 

data frame which include data but in which collisions did not , 16. TTie station of claim 1 wherein the ne^ 

^^^^ frame has MS{n+l) minislols, and wherem MS(n+l)« 

7. The station of claim 5 wherein the number of active ^^^^^[ 
stations is determined from a lookup table generally corre- 
sponding to the following equation: 

sue = iMSd — = — 



17. The station of claim 16 wherein: 

25 ii DS(n)<DQ{n)<DQ{n)<QDS{n), 

S 

MSin + 1) = Af = J p 



wherein N is the number of active stations, wherein MS is 
a total number of minislots in a contention layer of the "'^ 

previous upstream data frame, and wherein SUC is a number wherein MS is the number of minislots in a data frame at 
of minislots in the contention layer of the previous upstream discrete time n+1 and corresponds to the parameter MAP, 
data frame which include data but in which collisions did not wherein DS(n) is the number of data slots in a data frame at 
occur. discrete time n, wherein DQ(n) is the number of reservation 

8. The station of claim 5 wherein the number of active requests waiting to be processed at discrete time n, wherein 
stations is determined by the following equation: a is a constant, wherein M is the number of minislots in 

steady state, wherein S is the number of slots in a data frame, 
( N \( MSt - M'' ( MSl ~ 1 / wherein k is a number corresponding to an average number 
COL - MSt - {MS^:^ _ J Jl^ — - — J - {MSt^ j Qf jata slots reserved by reservation requests, and wherein 

^ m is the number of minislots into which a slot of a data frame 
may be subdivided; 

wherein N is the number of active stations, wherein MS is 

a total number of minislots in a contention layer of the 

previous upstream data frame, and wherein COL is the if DQ(n)<DS{n), 

number of minislots which are in the contention layer of the 45 Af5(n+i)=m(S-/)G(n)); and, 

previous upstream data frame just received and in which if DQ(n)>oJ:)S{n), 

collisions occurred. 

9. The station of claim 5 wherein the number of active DQ{n)^aDSin) 

stations is determined from a lookup table generally corre- MS[n -t-i) = M -m . 

sponding to the following equation: 50 

f N y^Sl-IV^ /M^/.-Iy'^ station of claim 1 wherein the transmitter 

COL = MSl - iMSt^ _ ^ — - — J - [MSi^ j re-transmits a reservation request in an expansion minislot 

expanded from a minislot in which the transmitter had 

55 previously transmitted the rc-transmitted reservation 

wherein N is the number of active stations, wherein MS is request. 

a total number of minislots in a contention layer of the 19. A station for transmitting data in slots of upstream data 

previous upstream data frame, and wherein COL is the messages over a communication medium comprising: 

number of minislots which are in the contention layer of the a) a receiver arranged to receive a downstream data 

previous upstream data frame just received and in which message, wherein the downstream data message 

collisions occurred. includes a slot parameter, wherein the slot parameter 

10. The sution of claim 5 wherein the transmitter com- indicates new message slots and expansion slots within 
prises: which reservation requests may be transmitted, and 

a random minislot selector arranged to randomly select wherein the expansion slots result from a dynamic 

one of the expansion minislots; and, 6S search tree expansion procedure; 

an inserter arranged to insert the reservation request in the b) a first slot selector arranged to select one of the 

randomly selected expansion minislot. expansion slots; 
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c) a second slot selector arranged to select, on at least a 26. The station of claim 20 wherein ES is based upon a 
pseudorandom basis, one of the new message slots; number of slots in an upstream data message in which 
and, collisions occurred. 

d) an inserter arranged to insert a previously transmitted 27, The station of claim 20 wherein ES is based upon a 
reservation request in the selected one of the expansion 5 number of slots in an upstream data message which include 
slots of a designated future upstream message and to data but in which collisions did not occur. 

insert a new reservation request in the selected one of 28. The station of claim 19 wherein the expansion slots 

the new message slots of a future upstream message. 3^ based upon a number of active stations. 

20. The station of claim 19 wherein an upstream data 29. The siaUon of claim 28 wherein the expansion slots 
message has S slots, wherein S is dependent upon NS and ^ased upon a number of slots in the previous upstream 
ES wherem NS designates a nuinber of new message slots ^^^^ ^ ^ ^^^^ coUisions occurred. 

m the upstream data message and wherem ES designates a ^^^^^^ ^j^^ 28 wherein the expansion slots 

number of expansion slots m the upstream data message. lj Lfi.-*i_ • 

21. The station of claim 20 wherein ES is based upon a "P°" ^. """^^'f ^ ^^f^'V I'^u'^'l.^^ 
number of active stations. '^^^^ which include data but in which collisions did 

22. The station of claim 21 wherein the number of active not occur. , , . « 

stations is determined by the following equation: ^h^ ^taUon of claun 19 wherem the downstream data 

frame contains a range parameter R, wherein the second slot 

N vCSi-l / selector generates a transmission parameter RN constrained 

suc= {CSt)^— — ^ — J by the range parameter R, and wherein the inserter inserts 

^ ^ 20 the new reservation request in the selected new message slot 

if the transmission parameter RN corresponds to a new 

wherein N is the number of active stations, wherein CS is a message slot R. 

total number of contention slots in a contention layer of a 32. The station of claim 31 wherein the transmission 

previous upstream data message, and wherein SUC is a parameter RN is a random number, 

number of slots in the contention layer of the previous 25 33. The station of claim 19 wherein the first slot selector 

upstream data frame which include data but in which randomly selects the selected one of the expansion slots and 

collisions did not occur. wherein the inserter inserts the previously transmitted res- 

23. The station of claim 21 wherein the number of active ervation request in the randomly selected one of the expan- 
stations is determined from a lookup table generally corre- sion slots. 

spending to the following equation: 30 34. The station of claim 19 wherein a slot is subdivided 

into CS contention slots, wherein an upstream data message 

f VCSl-^Y has NS new message slots, wherein an upstream data 

suc~ J message has ES expansion slots, and wherein CS=NS+ES. 

35. The station of claim 34 wherein: 

wherein N is the number of active stations, wherein CS is a 

total number of contention slots in a contention layer of a if DS<DQ<aDS, 
previous upsU"eam data message, and wherein SUC is a 

number of slots in the contention layer of the previous 5 

upstream data frame which include data but in which cs = M = - 

collisions did not occur. ~ * 

24. The station of claim 21 wherein the number of active 
stations is determined by the following equation: 

wherein S is the number of slots in an upstream data 

N \(CSt-\\^ / cSl - 1 'i'^ message, wherein DS=S-CS, wherein DQ is the number of 

COL = C5l - ^^^i-i^ — Al — ^ — J - ^^^^\~^ — j reservation requests waiting to be processed in a reservation 

^ ^ request queue, wherein a is a constant, wherein M is the 

number of slots in steady state, and wherein k is the average 

wherein N is the number of active stations, wherein CS is a number of data slots reserved by reservation requests; 
total number of contention slots in a contention layer of a 
previous upstream data message, and wherein COL is the 

number of slots which are in the contention layer of the ^ ixj<DS, 

previous upstream data frame just received and in which cs^^-DQ- and 
collisions occurred. 

25. The station of claim 21 wherein the number of active if DQ>aDS, 
stations is determined from a lookup table generally corre- 

sponding to the following equation: DQ - aDS 



60 36. The station of claim 19 wherein the selected expan- 
sion slot is expanded from a slot into which the inserter had 

wherein N is the number of active stations, wherein MS is previously inserted the previously transmitted reservation 

a total number of contention slots in a contention layer of a request. 

previous upstream data message, and wherein COL is the 37.Amethodof transmitting data in slots of upstream data 

number of slots which are in the contention layer of the 65 messages comprising the following steps: 

previous upstream data frame just received and in which a) receiving a downstream data message, wherein the 

collisions occurred. downstream data message includes a range parameter R 
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and a slot parameter, wherein the slot parameter indi- 
cates new message slots NS and expansion slots £S in 
which reservation requests may be transmitted, and 
wherein the expansion slots ES result from a dynamic 
search tree expansion procedure; 

b) selecting one of the expansion slots; 

c) selecting one of the new message slots according to the 
range parameter R; 

d) inserting a previously transmitted reservation request in 
the selected one of the expansion slots; and, 

e) inserting a new reservation request in the selected one 
of the new message slots. 

38. The method of claim 37 wherein ES is based upon a 
number of active stations. 

39. The method of claim 38 wherein the number of active 
stations is determined by the following equation: 



10 



15 



20 



wherein N is a number of active stations, wherein CS is a 
total number of contention slots in a contention layer of a 
particular upstream data message, and wherein SUC is a 
number of slots in the contention layer of the particular 
upstream data frame which include data but in which 
collisions did not occur. 

40. The method of claim 38 wherein the number of active 
stations is determined from a lookup table generally corre- 
sponding to the following equation: 



25 



suc^icsd 



CSt-lA CSl 



wherein N is the number of active stations, wherein MS is 
a total number of slots in a contention layer of a particular 
upstream data message, and wherein SUC is a number of 
slots in the contention layer of the particular upstream data 
frame which include data but in which collisions did not 
occur. 

41. The method of claim 38 wherein the number of active 
stations is determined by the following equation: 



35 



40 



COL-. 
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total number of slots in a contention layer of a particular 
upstream data message, and wherein COL is the number of 
slots which are in a contention layer of the particular 
upstream data frame just received and in which collisions 
occurred. 

42. The method of claim 38 wherein the number of active 
stations is determined from a lookup table generally corre- 
sponding to the following equation: 



50 



wherein N is the number of active stations, wherein CS is a 
total number of slots in a contention layer of a particular 60 
upstream data message, and wherein COL is the number of 
slots which are in the contention layer of the particular 
upstream data frame just received and in which collisions 
occurred. 

43. The method of claim 38 wherein ES is based upon a 65 
number of slots in an upstream data message in which 
collisions occurred. 
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44. The method of claim 38 wherein ES is based upon a 
number of slots in an upstream data message which inchide 
data but in which collisions did not occur. 

45. The method of claim 37 wherein ES is based upon a 
number of slots in the previous upstream data message in 
which collisions occurred, 

46. The method of claim 37 wherein ES is based upon a 
number of slots in the previous upstream data message 
which include data but in which collisions did not occur. 

47. The method of claim 37 wherein the step c) comprises 
the steps of: 

generating a transmission parameter RN constrained by 

the range parameter R; and, 
if N falls within the range parameter R, selecting new 

message slot N. 

48. The method of claim 47 wherein the transmission 
parameter RN is a random number. 

49. The method of claim 37 wherein the step b) comprises 
the step of randomly selecting the selected one of the 
expansion slots. 

50. The method of claim 37 wherein the selected expan- 
sion slot is expanded from a slot into which the previously 
transmitted reservation request had been previously inserted. 

51. A station for transmitting and receiving data over a 
communication medium comprising: 

a) slot expanding means for expanding contention slots to 
expansion slots according to a dynamic search tree 
expansion procedures wherein the contention slots are 
slots which are in a data message received by the 
station and in which data from at least two other 
stations collide; 

b) slot parameter determining means for determining a 
slot parameter for a future upstream data message, 
wherein the slot parameter indicates (i) new message 
slots within which new reservation requests may be 
transmitted to the station, and (ii) the expansion slots; 

c) range parameter determining means for determining a 
range parameter R for a future upstream data message, 
wherein the range parameter R is determined on the 
basis of loading of a communication medium; and, 

d) inserting means for inserting the slot parameter and the 
range parameter R in a downstream data message for 
communication over the communication medium, 

52. The station of claim 51 wherein the slot expanding 
means expands slots based upon a number of active stations. 

53. The station of claim 52 wherein the slot expanding 
means detennines the number of active stations by the 
following equation: 



55 



wherein N is the number of active stations, wherein CS is a 
total number of new message slots and expansion slots in a 
layer of contention, and wherein SUC is a number of slots 
in the data message received by the station which include 
data but in which collisions did not occur. 

54. The station of claim 52 wherein the slot expanding 
means determines the number of active stations from a 
lookup table generally coaesponding to the following equa- 
tion: 
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58. The statioo of claim 51 wherein the slot expanding 
Y vCSi-n** means expands slots based upon a number of slots which 

suc-iCSi^^^^^j^ cSz. J include data but in which collisions did not occur. 

5 59. The station of claim 51 wherein the slot expanding 

wherein N is the number of active stations, wherein CS is a means expands slots based upon a number of slots in which 

total number of message slots and expansion slots in a layer collisions occuntd 
of contention, and wherein SVC is a number of slots in the 

data message received by the station which include data but 60. The station of claim 51 wherein the slot expanding 

in which collisions did not occur. means expands slots based upon a number of slots which 

55. The station of claim 52 wherein the slot expanding 10 . . • . i,- - jm ^ 

J . ,L L c . u tL mclude data but m which colusions did not occur, 

means determmes the number of active stations by the ^ v^iuai^uo 

following equation: 61. The station of claim 51 wherein the range parameter 

determining means determines the range parameter R 

COL = CSt - jCSj^^^^ il^V^r ' t^^^'^f 15 ^"=°^^i°S following equation: 

Rin + 1) = 

wherein N is the number of active stations, wherein CS is a ^ _ i NMS{n) 

total number of message slots and expansion slots in a layer mm{A^, max|/VAf5(n + i), /f(n) - NMS(n)+ —~coun) + }| 

of contention, and wherein COL is the number of slots in e e 

which collisions occurred in the layer of contention, 20 

56. The station of claim 52 wherein the slot expanding 

means determines the number of active stations from a where n indicates a current frame just received by the 

lookup table generally corresponding to the following equa- station, n+1 indicates a next upstream data frame to be 

lion: received by the station, R(d+1) is a range parameter for the 

25 next upstream data frame n+1, R(n) is a range parameter for 

COL = cs^ jcsA ^ ¥ ~ ^ 1^ (CsJl ~ ^ T upstream data frame n just received, N represents a 

l C^t - 1 A N ) \ CSl ) number of active other stations, NMS(n+l) is a number of 

new message slots in the next upstream data frame n+1, 

wherein N is the number of active stations, wherein CS is a NMS(n) is a number of new message slots in the upstream 

total number of message slots and expansion slots in a layer data frame n just received, COL(n) is a parameter COL 

of contention, and wherein COL is the number of slots in based upon the upstream data frame n just received, and e is 

which collisions occurred in the layer of contention. 2 718281828 

57. The station of claim 52 wherein the slot expanding 
means expands slots based upon a number of slots in which 

collisions occurred. » * ♦ ♦ ♦ 
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